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(54) Title: FLUORESCENT PROTEINS 

(54)%ma^«^: mutm&s: 

(57) Abstract: It is intended to provide novel fluorescent proteins originating in an organism other than Aequorea coerulescem. 
Namely, a fluorescent protein originating in Fungia sp, which has the following characteristics: (1) showing a maximum excitation 
wavelength of 455 nm and a maximum fluorescent wavelength of 488 nm; (2) showing a molar absorptivity at 455 nm of from 38700 
or 27700; (3) showing a quantum yield of 0,85 or 0,81; and (4) showing a stable pH sensitivity of the fluorescent characteristics at 
I/) pH 5 to 9. Another fluorescent protein originating in Fungia sp, which has the following characteristics: (1) showing a maximum 
O excitation wavelength of 548 nm and a maximum fluorescent wavelength of 561 nm; (2) showing a molar absorptivity at 548 nm of 
^ from 75900 or 51000; (3) showing a quantum yield of 0,44 or 0.50; (4) showing a pH sensitivity of the fluorescent characteristics 
O of pKa<5.0. 
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(57) Sid: 

•t^:LhVib^o ^f-lfy-Yi^ (Fungia sp.) *3feOTIE<0# 

(1) l5i)jg^::^$S^;dU 5 Snm-T^fei:). ^ytmizigL&iiA 8 Snm-Ch^ ; 

(2) 4 5 5 nmtC^SJtS^/UKTt^ic;^^ 3 8 7 0 OXtt 2 7 7 0 0 -C*>5 ; 

(3) A^Mt^O. 85XttO. 81-efc5;SU5 

( 4 ) ^^#tt<^> p H^S:tt;65 p H 5 ~ 9 X'^^X'h^ : 

^J'f-t'^-Ti/ (Fungia sp.) *^(^TIE<^#tt$r*1" S^^Sfi®, 

( 1 ) mmm:k:1&^i^ 5 4 8 n m-Cfc ?) . ^^miz^&lt 5 e l n m-C*)5 ; 

(2) 5 4 8 nm^c::fc^t-5^>'^®7t#l^i^ 7 5 9 0 OXtt 5 1 0 0 0 "CfeS ; 

(3) *^I|X^*SO. 4 4X140. 5 OX?*) -5 ; 31 1;? 

(4) ^yt^iSL<DpHm§ii^t^pKQ <5. O-CfcSo 
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mm 

^7^<0^i^ils-vr • If^ hyr (Aequorea victoria) {21 ft Jfe-fS ijtfe^^teS 

e« (GFP) tt. ^'^^}c:43v^-r#<offli^^:fr5o ftaa^ 

mWm^^'O^'k^^ (semi-rational) ^^^^f|^&lcS<5VNr . -feSr^ $ 

gfe^ L t V ^ o /j; G F P $ ti/T V ^ 5 o it^^ilia^Jfe;! 

S^J:<^ffi^tL6GFP^M^*:0-oiL-Cj|fe^5feSeK (YFP) 
»fb*LSo YFP{4, ^y-i^ (Aequorea) GF P^^ii|£054'-e'b*;RSc;^<Z)^5fe 

Ir^f o .;'^tl5^oY F p £ *3it;<& {±. ^ti^ti 60, ooo~ioo, ooorW *5<k 

TJ^ 0. 6~0. 8 -C$> 15 (Tsien, R. Y. (1998). Ann. Rev. Biochem. 67, 509-544). 

GF pmmi^(Dm(omtLx. i^T>"&^t/tm&n (cfp) is^h^. 

ECFP (enhanced cyan fluorescent protein) ;65^btl/'CV^5o t.fc^ -iV^ 
(Discoma sp. ) «/^^^^geK(R F P) t>^il$*LX*3 U ,DasRed 
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^^SrSi#LfcTf*^f->=? (Galaxea fascicularis) t ttSlJS01hy=r'Cfc'5 ^ 
f-lf ^'fv' (Fungia sp. ) c DNAy-f :/7 y — ^^^^±12^7-1' v-^lrffiV^T^ 

^h^fxLi^ ir ^7 ^ (Fungia sp.)S3i5©^?i6ge®»^3fe«i^tt*P'<fc^ 

(1 ) M^^:^^S;ftdS4 5 5 nm-efe !9 > A 8 8 nm-CfcS ; 

(2) 4 5 5 nmJJliSlj-S^/^M'^^:^^ 3 8 7 0 7 7 0 0 X'^t)S ; 

(3) l:i=-J|JiWO. .8 55:tt0. 8 1-CfcS;3lt;« 

( 4 ) ^^t^ttO p H^Stt:6S p H 5 ~ 9 -e^^-Cfe -5 : 

;2^^8lie:J;ti«s i^^yf'f^'y (Fungia sp.)*5|50TIB©#i4^^i-5^^M 

(1) miSMXWL^Ii^^ ^Zn-ax^M. ^^«i;k:iSStt5 6 1 nm-T?fcS ; 

(2) 5 4 8 iiinl;:*5ttS^/^M^^;i5^ 7 5 9 0 0:s:ft5.1 0 0 ; 

(3) *^1RW0. 4 43ltt0. 5 0-efc5;3tt5 

(4) ^?fc«i#'l40pH^gi4;5JpKa<5. CCfeS : 



wo 03/054191 PCT/JP02/13363 

:^WMo%il(omM\^i:ti\-is &.T(D (a) Xit (b) iZ-^-tnytMBWi^l^^ 

( b ) @B^J#-t 1 :SL« 2 (CfSioi^T 5: 7 ^IB^J{C*3VNT 1 bM<^T ^ 7 ggd^ 

^bt::^ :*!:B§^©SiJ<?3li^i-itv«. OT<Z) (a) Xit (b) tc^-r^^^e 

( b ) E^J#^ 3 Xf* 4 \Lim.(OT % J ^IB^JtC*3V^T 1 bM©T ^ y 

6 4#SOv';^■r^:^:iST7^:/^ca^$tbTV^:5T^y^Ma^J. XfiiB^J*-^ 
3{c|a^®7'$y^ia^J(j::l3VNT2 i \^^(n>^)V9 ^vWi'^Ty^^i^KW.^^ 

«9^o$f>lcSiJ©J|#{j:J;tt«. iJ^T© (a) Xti (b) ic^-rMSK^^' 
— Ki-S D N A * tzm^ $ ttSo 

( a ) 1 x(i2 (j:ib«©t ^ y 

(b) iB»■^13i:(^2^c|Ei6<^T5:y^SB3?IJ^^:*5V^T. l;5^^3M<^T^y^ 
(a) E^J#-i-3Xli4{j:|5^©T$ ySfeE^iJ^^rl-^SSK 
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^?^m(D:^hi:im<Dt^m^^fHi. SXT(0 (a) X\t (b) iZ-T^-TDNAim 
^IJ^^f 5DNA 

^|s:|§B^©$e>{c:SiJ©tl^{;iJ;tL(^. OT© (a) Xtt (b) ic^fDNA^j^ 

m^Rx^/xnmn^^ir^^MmM^^ ij^obb^j*-^ 7 xit s (jiib^o:^ 

?lJ<lrW-rSDNA 
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mux ^^mO^-f}f7^i/}M^(Dlk^mBM (KCy-l, KCy-2) 

irECFP. :i?:^m<o^f-}f7^iyi^^(omytS^W (KO-1. KO-2) t 

m2ii^ 3|s:^BJ©^f-t'7-l'i^**©^^SeiC'Cfe^KCy- 1 iKCy- 

2 , K O - 1 i: K O - 2 om:7fe4#tt^^lf b fc^:^$r^-ro 

(1) Kcy-1 t ¥icy-2 (DizmMX'<D^^<Oi^\,^ 

(400nm X'W}M.Vit t%<D 488nm <D^^) 

(2) KO-1 1 KO-2 oizBMX'O^'&oM^^^^iro 

(BOOnm T'Kj® LtcttO 561nm 

(3) KO-1 t KO-2 (:::}3it§^^^<b 

(470nm T'i!)^ bfc^ # ©;n^yt>^:9- (561nm) /^V—y^^ (508nm) Olfi 

mSlt^mM(0^-t\i*7 4i^^M(D^yt^^M (KO- l^U^KO- 2) 
y*-i^^^^(508nm). (561nm) Oi^WMiatCliS^^b^^l-, 

ia4{*2|s:|g|g©:5^f-lf7'l'ixS5|5(D^^SeK (KCy-1, KCy-2. K 
0-l^^t)^K0-2) <^^^fe§SS<D p Hi^Stt^^l-o 

@5{i. 2|s:^PJ<D:J^lMi'7-f :/ft*OS^^eK<^iS^^^*^ (KO-C6 4A) 
(DM% (em) JtT^liljjS (ex) h/U (&S), ^tJ^icKJR;^^^ h/V (;& 

EI) ^^1", 

0 6 {4. 2^^:|§PJ(0^i^t'7^'>*5te©m^Sef^©f^^^*: (KO-E2 1 lA) 
(Dlk^ (em) :Rt;?®jjg (ex) h/W (£111) > Mm^M;^^^ (:& 
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(1) :^?^m(D^^m^w 

(1) m^mXmm^A 5 5 nm-Cfo<5. 4 8 8 nmX'th^ ; • 

(2) 4 5 5nm{C*5{tS^;VM«^J. 3 8 7 0 OX{t 2 7 7 0 0 ; 

(3) l:i^JlX^;iSO. 85XttO. 81T-fc<5;^tl? 

( 4 ) p H^Stt;6S p h 5 ~ 9 T'^S-Cfe ^ : 
*l§9^(D'b5-o<O^^M6Mt:i, jJ^lMf^-Yt^ (Fungia sp.)*5feOfcOT\ 

( 1 ) WiW^-XWi^ii^ 5 4 8 n mT-fc 0 . ^3^^:^^;^^ 5 6 1 n mX-feS ; 

(2) 54 8nm{^*3tt^)*/VM«:5^ 7 5 9 0 OXf* 5 1 0 0 0 "CfeS ; 

(3) l:i^J|X^;a5o. 44X(*0. 50Xh^;lkX}- 

(4) p H^Stt;^^ p K a < 5 . OX-^^ 

^f-t*7'l'v' (Fungiasp.)^^i^:^=?(©l@T^ i(-Mgp:*5:M#fc^SU 

/^jo, *#tf'mT<^IIWJT?tt> ^-fl^y^i/ (FungiaspJ^ffl^TOt UT 
±IB!i#i4^<S-r52^^igo^^®eK^^lSIL^;5S. ^iM^^-f (Fungiasp,) 

^^p^onio^^Mew (KCy-1) \t. ^.Tommmx^i-m^ . m 

4 5 5 nm Xh •? ^ 4 8 8 ran Xh^o ^^'l^^fe^^fi 3 

8 7 00 (4 5 5nin) «5 ^ ft^MfiO. SS-^fc^o ;2is:BBJO||2 O^^tg 
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(KCy-2) fi, &.r(Dmmmx^^tm'o. Bii&m±f^m^4 5 5mivh 

'^%miz^^^\t4 8 SmX'h^o */Ha)t^ic(i2 7 7 0 0 (4 5 5nnj) T- 
/Vm.ytmmt2 8 7 5 0 (4 3 5nin) Xh*) . ft^^WttO. 4 0T-fe5o 

:^^m<Dm 3 o^^m^w (ko-d a. j^xTomMmx^r^irm^ . mi^m 

:k^m^ 5 4 8 nm 19 > 1i:t/tU:kt^^}t 5 6 l nm TfeS, 7 5 

90 0 (5 4 8nin) X*h'0. Ai^JRWO. 4 4-T?fe5o *^BJ©l|4©^)tll 
6® (KO-2) fi, OT©^W!l't?^i-ai9s®^|i:;^St;R;5J5 4 8nmt?fcl3, 

5 6 1 nm -Cfc 5, 5 1 0 0 0 ( 5 4 8 nm) -^^5 •? s 

i^llX^ftO. 5 0-efc5o itttei^LT DsRed (rJ'Pi^'ry^) 
^{:i8 6 1 0 0 (5 5 9nm) Xh^. *^MttO. 2 QtffcSo 

IB(^*^I^^^Me^O 5 -fe v-T ym^^WBWXh^KC y - 1 Jiti^KC y - 
2\t, ECFP *i^Wo|I;55;^tv^(^-C. ECFPj;9 

!9^V>^3fc^l§-r'5o KCy-1 ft ECFPj;!9^J^ 2-3^1 

PJ^<. KCy-2fiECFP i«9 tjJ^l. 5fgB^SV\ 

*fc. mBm:u^^<om±isk^im\.x\tECFP t:^^m<oWiytm^WK 

Cy - iS.u^KCy-2 io^^^::^ct;^^M^i/^v^;a^ ;2|5:|l5go^^Me®KCy 

-i^y^if^Kmi-x^mtmx^o 

KCy-1^^0KCy-2(i, p H 5 ~ 9 ©OT{i^*5V^TS^#ttO p 

H^gWiSVN;ii^#mi:i-So IP*J^ pH5'-9©^ffl^^::}3V^T^^3i^© 

r-t 5, E C F P O^^lCfi, p H 7 ^JtTX-fi^^Sll^ 



wo 03/0S4191 PCT/JP02/13363 

0-2\t, -iV^l/^^^ (Discosoma) SJlSj^fe^^S^M (DsRed) j;?)J^2 

th) fi5 3 0 nm#3a(C^^;^-<^ b/^© t'-rJ^ DsRed (rJ' d i^T^v, 

StJ^KO-2tt, 5 6 1 nm^jgfC^^fc;^^:^ t°-^ ^^^o^ 

(1) KO-l(DT$/^E3^J4'{^:*3V^•r6 4#@oe/;^x^:/trT7=>'{Jia 

508 nm. StlM^:^496 nm) <^^?t^^o|g^'f!|s, ^mz.^ 

(2) KO- 1©T$ /^@B^Jt^J^C*3V^X2 1 l#iO[)^/l'^^:/^;|rT7c:ii^ 

*^l^©^3fcseKO:i.^^:^sJiux^i. iiJiT<z) (a) xft (b) ic^-r^^s 

( a ) la^m-^ 1 X« 2 ICIB^^T ^ / iJMB^JSr^i-^ M 

(b ) iB^j#-i- 1 x« 2 (ciB^^r $ / mia^J^c*3v^T i e>^'(®oT ^ j mb^ 
:^^m<D^^m^W(D:^hfj:?>Mci^mtvxn. &.ro (a) x\t (b) \z.^ 

( a ) Sa^J#-^ 3 Xf* 4 {c|Bi^<D T ^ / l^iB^J ^IrWf g SIC 

(b) iB?'J#-^3Xf*4{C|Eit<DT$ y^E^J{C*3V^Tl:$^b^fl©T$y^;iS 
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fife vtcm eK-c J: V N m.^i-m!f^^:^mmi^ x^im ufcm^m^s e k-c 

c D N A:?^ o tX P C R ^^T 5 t J; 

eK<lr=i-K-r5DNA ©-gp<D»f>lt ^±fa Ufc P c R mcm-B-i^ 

(2) ;4i:jiBJg>DNA 

(b) (-^1-|ie^^3-K1-'5DNA;6S^Jf btr.^o 
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X\t (b) ti^i^-fSaSiSra— Ki-$DNAds^lf b;h/<5o 

(b) mm^^x\tA\z.'^WL<oT%jm^m-c^\^x^ \ii^h%M(n>r%jm. 

:R.fi (b) {C^1-DNAfc*fcWfetL-5„ 
( a ) gBa?'J#-§- 5 3^ fi 6 tCllEic Oi^SE^lJ ^ ^1" 5 D N A 

(b) wm^^x\t(o\z.^m.<n>m^^\\z.^\^x. xt^hWm(i:>m^(n>X^, 

^my^/xn-m^^^-^-^mmwrn^^ ;5*oiBjij#-^ 5 x\tQ\z.m^(om. 



^J^Sr^r1"5DNA 

«5^0^3tge®^3-K1-5DNA<D3EJfc<5:S:WJ^; LTft. iJ^T© (a) 
X« (b) (C:^-fDNAt>*fc:W^)tbS„ 
(a) SBJIJ#:^7Xfi8K:|B«(DmSB3^J^:ti--5DNA 

'^n/x\t¥in^:^^:^i^wm\^-^\^. ■f^^-nrnm^ 7 x\t s (cie^o^i 

5U #^6^:7"7-l'■^'->|^ffiv^^c2Ky^7-•^^^^J;& (pgr) fcioTlKit 
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J: o T . ^-r 5 D N A 5 w i X* # § o ;i J; 5 /j:<2St^ (^Sfffi^ 

Molecular Cloning: A laboratory Mannual, 2™* Ed. , Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY. ,1989 ^ ^UiC Current Protocols in 
Molecular Biology, Supplement 1~38, John Wiley & Sons (1987-1997) ICfB^ 



(3) :^mM<Dm.^^x.-<^^- 

• ;U h s:. ^ y ^ • T^5^-^j1'S-7- (Bacillusstearothermophilus 
maltogenic amylase gene)^ • y 'ir:=.jjx/w^ « T^^^-^al-^^ 

(Bacillus licheniformis alpha-amylase gene)^ /^'f-^U:^ * T ^ n y 7 f-^i 
'BAN T ^ y—^jjt-g-T- (Bacillus amyloliquefaciens BAN amylase gene)^ 
. 1^:/^y ;^ . T;V;«? y T'o (Bacillus Subtilis 

alkaline protease gene) ^ b < tt/'^f-/^;^ • T'^/l^;^ ' ^%^xi i^jS^— ^it-^^ 

11 
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(Bacillus pumilus xylosldase gene)07'B^— t-tctiyr — i^' yA^*<0 
PR^t<(iP,yn^-:J?, ±mmO lac, trp ^L< tac r/o^-^/^ if 

h^Vl-^u^^^^ PlOy'n^^^^ :t-h^77T ' ^V^sji^^^ ' 

A D H2-4C 7" O - iJ^ ^;aJ^{f f, ^ 

*5<fcU^j^f?al>y^^f-g3^J(^J;tf^T7'y l^^/l.;;^ VA RNA ^a-K-f^t) 

^-tLXii^ m^lt. Kp^igU^^^^^ (DHFR) ^fclti^y^y 

12 
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(4) ^igjfspjoj^gfem^ 

ltfLM^ia(^^?iJi UTfi. HEK2 9 3«. HeLa«, COS». B 
cerevislae)*:/tW:f-5/;«?nv^-k;^ • ^/W^y ( S accharomyces kluyveri)^ 
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"X?§5 (■^(Ix.f^^ Baculovirus Expression Vectors, A Laboratory Manual ; ^0 
^Vl^V'ZrnY:^ . >r • ^ 7 - . s;^, Bio/Technology. 

6, 47(l988)^(C|Ei^)„ 

(Autographa californica nuclear polyhedrosis viins) ^ V ^ 5 ^bfi^X^^o 
SAlBlJiai LTft, Spodoptera frugiperda 0|PMgiJliS-C^r>5 s f 9, S f 2 

•^n ^ T;U. iJ^:/ y ^ - . ^ . :7 y ^ . T K • ;«/ (W. a Freeman 

and Company), = ii. — 3 - (New York) . (1992)3, Trichoplusia ni (DlP^^J^ 
IffeSH i F i V e ('l'^t*hDv>':t^ttM)^|r^VN-5;ii:d5-ct-5o 

y 7 ^ iJ' 3 i^^^ ^Ir W -5 ;i >6S -C 1 5 o 

Wi^m^m^x^mir^o mw^mf-<ommmt^h. ^^m<D^%m^'^^'M. 

Sr^iliWMt-Slcfi, i»Mfe^;^VNtb{fJ;v\ 
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-^^Ol^i^y^PQ\,^tcf$i^:ty^^^U-^h^yy^-m. S-SepharoseFF(7 

aic. iii-a-i-'<§geK^=-K-r5DNA»f>i-fcA¥-r5o 
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^^-X\t. fpNEOj (P. Southern, and P. Berg (1982) J. MOl. Appl. Genet. 

1:327)^ TpCAGGSj (H. Niwa, K. Yamamura, and J. Miyazaki. Gene 108,193-200(19 
91)). rpRc/CMVj (-Ti/'t-hpy^^ii^), fpODMSj ^ h ti ^^z^^) fj^ ^ 
mM^-<^^-X}t. rpRS303j , rpRS304j . rpRS305j , rpRS306j , rpRS313j , 

rpRS314j , rpRS315j , [pRS316] (R. S. Sikorski and P. Hieter (1989) Genetic 
s 122: 19-27), rpRS423j , rpRS424j , rpRS425j . rpRS426j (T.W.Christians 
on, R. S. Sikorski, E Dante, J.H.Shero, and P. Hieter (1992) Gene HQ: 119 
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-122) ?fcif;!)Sifii{c^(,Nt,tL5o 

BalbC-3T3«, NIH3T3«, CHO (Chinese hamster ovary) HeLaiNB 
S^s NM (normal rat kidney) ^JiS, TSaccharomyces cerevisiaej /£if(JDi 

"^■kmm (E. coli) mi^fj:if^m-r^^t7!)^v%:bo ^^^-<o:^^mm^(o 

X'o. ^ h^^'Kyr. ^Mm, ^m^m. ^jV'^^y-M.fjiit 

V V 09) "^mmmmm. (atto 'fV'^)v^:^^v^r^y^i^-) fi^^itm^^x 
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(O ? ibmmm:kfk^i!)^ 5 4 S n mt?fe . ^^fe^^'C&^ft 5 6 1 n mX^h -5 
SfiS^^-n-fix lij^^feS 3 0~5 5 Onm, 5 5 0~6 0 Onm >f /l^ 



(6) :^^m(D^^y h 

^^m^mxnDN A f£ commits m^ti^mmi^mM-r^^ti^ii^^m^ 

4 
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( 1 ) total RNA Ojft 

i^^/N:xv-l?#t, SS*4 gMRIzol" (GIBOOBRL) ^7. Sm\Mk.X^ 

1500Xg-C-10 ^^^>b LfCo ±m\^^ n d 3sJ^/VA 1 . 5 m 1 ^iDx.. 
1 d^mMWLft'^. S^^KI^SbfCo 7500Xg-ei 5:$)-F^Jg/i>LfCo ±m 
te:^ y7°n/sV-/V3. 7 5m 1 ^ifl;t, 1 5|!^Mm#bfcmi 0:9-^#SLfeo 
17000Xg-C10 ^m^'b LfCo ±*^itT 7 0 %:^^ y 6 m 1 ;|jP;t 

Ti7oooxg-ci oj^mm>t^Ltio±m^ikxttm^Dm>c7^2o 0 n ixm 

m U fCo DEPC 7k-C^«? Lfc total RNA iSr 1 0 0 ^iJl^f^ L T 0. D. 260 i 0. D. 280 
7 0 fi gO total RNA ^#fCo 

(2) First strand cDNAO-g-fife 

total RNA 3/zg^^^U^ First strand cDNA (D-^-^^-y h "Ready To 
Go" (Amersham Pharmacia) Id «fc t) cDNA(3 3 n 1 )^-^^LfCo 

( 3 ) Degenerated PGR 

Lfc First strand cDNA( 3 3 /i 1) <0^hZ n \ Sr^Mi Lt PGR ^ff o 

5'-GAAGGRTGYGTCAAYGGRGAY-3' (primerl) (@B^J#-^9) 
5'-ACVGGDCCATYDGVAAGAAARTT-3' (primer2) (@a^J#-^ 1 0 ) 
(;ii-C. R=A X^iG^^X.. Y=C T^:^L. V=A. C JL\t GSr^U, D=A, 
G Xf± T ^^fo) 
^T<^ PGR RjimMM-^'^m bfCo 
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T'yfV^Y (first strand cDNA) 



3 n 1 



XIO taq y 7 7- — 



5 n 1 



2. SmH dNTPs 



4 n 1 



100 ;tM primerl 



1 n 1 



100 juM priiner2 



1 H 1 



^ y Q 



3 5 M 1 



taq polymerase (5U/ ju 1) 



istT© PGR SJi&^#^Sr&ffi b;to 
9 4'Cl?l5>(PAD) 
9 4 "CT- 3 # (ISti) 

3'CTtffco fiPt>. 3 0l^-i'i?/i^^(Dmig(±4 3t)i:/j:-5o 

4'C (il^m 

I I 

II C^#T'PCR ^^Tofco T;y'P'-;5^<5^/ni^ejcljj-e. ^^$*v:rc:^t $(D 350bp 
(4) i^:5^^^'l3-=:y^^t;t:^SlaJlJ©§^^ 

If $!i Lfc DNA pT7-blue vector (Novagen) Ky^i •> g v ^WsM 

(TGI) (w v^aC^UTy^/V— h-fel/rJ'v'a :/^tTV\ 

eVN=io.=-(D:;^MmJ;«3 plasmid DNA^Sr^Mt-C. ^A^Hfc DNA^>i-omS 

^^(om^W,m ^ Jtl!^ UT-t O DNA :^Sia2?iJ:6S^^S 6 A?!?© t> 5 t^^m 
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( 5 ) 5*-RACE m 

Degenerated PGR T-#bttfc DM iff/tcD 5'm(Dm.mMM^^^i-^1ti^K 
5*-RACE System for Rapid Amplification of cDNA Ends, Version 2. 0 (GIBCO BRL) 
^ffiV^T. 5'-RACE m^notco LX (l) T^Mbfc total RNA ^ 3 m 

:tU>i^'&mW<D DC-tailed cDNA O— H] @ (Di$^\Z.\-t^ 
5'-GGCCACGCGTCGACrAGTACGGGIIGGGIIGGGIIG-3' (SB^J#-^ 1 1 ) 
5'-GGCTTATATGCGCACTGACTGC-3' (iB?!l#-i-l 2) 

5'-GGCCACGCGTCGACTAGTAC-3* (iBJIJ#-§- 1 3 ) 
5'-TATCTCTTCAGGATATTTAGT-3' (E^J#-f - 1 4 ) 

T;^D-;^^/w«^^i!j-T?,iiilis$tbfc: 700bp (D/^>' K^§J«? aUiWitUfCo 

)ttiSl L DNA m}^ ^ pT7-blue vector (Novagen) iZy-i x^sl^ U;/t„ :^|®0t5|c 

(TGI) Khvy:^y^—/-'i^3>LX^/v—:^v^ h-fei/^e^3:/^fTV\ 6 

VN3 p ::i-(D:A;JBi® J; »J plasmid DNA ^mMHiVXs #A$^^fc DNA ir^t^^iiM 

?ij =^ DNA ^ 3z i: »9 U :fco 

P i:- < DC-tailed cDNA (D—m @ ©i|*§tw{i^ 

5'-GGCCACGCGTCGACTAGTACGGGIIGGGlIGGGIIG-3' (gB^J## 15) 
5'-GGGAAAAGTGCCTTCAATGG-3' (ia?lj#-^ 1 6 ) 

5'-GGCCACGCGTCGACTAGTAC-3' (iB^J#-^ 1 7 ) 
5'-TCTTCGAACTCAAACTTTCT-3' (iB3?!j#-^l 8) 
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T:ffn-:^y/i^m^^W}-^.^m^titz 500bp o/^i^ *)mumMLiL, 

t DNA m)T^ pT7-blue vector (Novagen) i^y^^^-yBl^ Lfc, 
(TGI) (J: h^V;^^;^— pt—i/a :/LT>^;W4n!7^ h-fe a :/^^TV^, ^ 

V^=iDc:i-<O;^JIi0j:»3 plasmid DNA ^Wlii LTx ^A^iXit DNA »f>ltOMBB 
^J^ DNA v'-jJ^J^yf— j; «9 i^^UfCo 



( 6 ) 3'-RACE 

Degenerated PGR T*# btlfc DNA Sif O S^mU^ ti^ ( 4 ) (Dm^mM^MX'^ 

^ tifc^m^m^if ML fey y ^ - 1 :t V =^dT':f^ 4-^-0 ?CRXmco^ 

tLX ( 2 ) -ei^jgi Lfc first strand cDNA ^ 3 m 1 ^ffi bifco . 

;^U:/v'feft^^ffi 5'- GCAGTCAGTGCGCATATAAGCC -3' (primers) (@a^J#-§-19) 

5'- CCAnGAAGGCACrnTCCC -3' (primer4) (|B^J#-^ 2 0 ) 

PGR SJCSM^ : 

h (first strand cDNA) 3 /z 1 

XIO taq /^y^T^ 5 /z 1 

2. 5mM dNTPs 4 n 1 

20juM primers ^fc(iprimer4 1 /i 1 

10 /zM oligo dT primer 1/i 1 

^ y Q . 3 5/z 1 

taq polymerase (5U/ /x 1) 1 At 1 

iJ^T© PGR LfCo 
9 4°CTU:^!)-(PAD) 
9 4''C-C3 0# (M4) 

5 5'CT-3 0# (xVT'V-h-^T^-y :^:J^) 
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±|E 3 ;=5. X i/ 3 0 ^ /Utf o 

tCo L DNA JWJt ^ pT7-blue vector (Novagen) {C 7 -i^— 5^ a V U fc„ :^J^ 

(TGI) h^^';^^;*— i^a y UT://v— 3j^!7^ h-fe v^e^a y^tr 

V\ ev^auii— plasmid DNA^ffij^LT. Jf A$tbfc DNA ir>tO 
^ DNA i^- f — j; (J L fCo 

(7) i^mMv(Dm&mm 

"r-^f^|^U^ (2) T-TOLTh First strand cDNA Sr^i: UT PCR ^^To fCo 

j5^-fe^@#:S5|5, primers ^^ffiUyto 
B'-CGGGATCCATGAAGATGAAGTACTTTATGGATGG -3' (primerS) (@B^?IJ#-^ 2 1 ) 
iJ^TO PCR SJf&m^^^ffi LfCo 



b (first strand cDM) 3^ 1 

XIO pyrobest 5^ 7 7 — 5 /z 1 

2. SmM dNTPs 4 1 

20jtiM primers 1 /z 1 

20/iM oligo dT primer 1 iit 1 

^ y Q 3 5/i 1 

pyrobest polymerase (5U/ ^ 1) 1 n I 



UT<D PCR Rj^^m'^^^m Vlto 

9 4'C-ei^^(PAD) 

9 4'CT'3 0# (^14) 
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7 2*0-^1^ {-^V^-^-WM:) 



4\: ium 



7:ffn—7.^/]y<7:>M^^W}X\ i^m^i^tcm lOOObp <Dy<y Kilr^JO ttl b^ 

LT pRSET vector (Invitrogen) <D BamHI^ EcoRI U^lC-f-^^^ n ^:=.>^VX, :k 

mnw (JM109-DE3) x^^^^tco Lt^vfi-d^b, xmmx^m.^'titm&mt 



Kusabira-Orange, ^^mW^^OmU^ & ^ YMsahiia-Cyan ti-^) fE^ 
O^^Me (FP486, Azami-Green) iZ. < ?3^TN5|^SSO^ 10 T ^ y M^iK^i"^ ^1 





Iusabira-Orange-1 (KO-1 ) 
-0range-2(K0-2) 

Kusabira-Cyan-1 (KCy-1 ) 

-Cyan-2(KCy-2) 
Azami-Green 
FP486 



]/ISnmMKMnFMDGSVNmFTVEGE(r 

MLmsimMKMnmemmFTVEGEG 



• « • 



mimMMnFMDGSVNmFTVEGEG' 
MALSNKF I mMmYFMDGSVNmFTVEGEG 

MSVIKPEMKIH.CMEGTVNGHNFVIEGEG 
MALSNKF I GDDMKMTYHMDGCVNGHYFTVKGEG 



Kusabira -Orangex Cyan ii^feC'f ^ U y i'giJ^ (^9I«fcD^5) OlSJUiis^D— :=.:^4f 
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—Oit±W^\ZT 5 / ^E^IJOi^T V^5FP486(DN5K^011T ^ / ^ (MALSNKFI 
GDD) , ho—^itUW!i^^^—=^y^L fcA2anii-Green©N5|^S^© 7 T 5 y ^ (MS 

VIKPE) ^fflVNfco ^<0M;^^t.b(^7^y^@B?iJiSr#;!jpLfc:^-a't;rv'>'v'fe 

een<ON5|5iS© 77 $ y^iSr#iPL7t'b©SrKusabira-0range-l(KO- 1) (SH^J 

<^;SrKusabira-0range-2(KO-2) (ffi^J#-^4) t U> l!pfe^#:S5!50t>0{CA 
zami-Green(DN5i?5gO 7 7 5 ^ ^^#^0 Vtc <^ ^Kusabira-Cyan-1 (K C y - 1 
) (aB^J#-^ 1 )^ ^fe<@^*:A3fe©'b©tCFP486©N5i5JS0117 ^ / ^^HM Vfth 
(D ^Kusabira-Cyan-2 (K C y - 2 ) (@a^J#-^ 2 ) i: L fCo 
*;/t, KCy-l, KCy-2> KO-1. STJ^KO- 2 (D^^SIB^i^^tl. 

m@a^ij#-^ 5 ^^e> 8 iciEft-r -So 

^etiNi-Agarose gel(QIAGEN) "CiSMUyto S^iS<^:5^&{i#M07°o h=^-Mz: 
(8) 

20;iM^^ge, 50idM HEPES pH7. 5 l^^^<lr^VNT!Sf|5i;^^i}' h/^SrSy^UfCo 

:l(D:^^^ h/V'Ot'-i5'(^iB[J:t)^/W!^3t'^|^«rth^LfCo KCy-l, KCy 

- 2 T*f4 455nin f — ^ fetb, 400nni {C^oit 0. 005 tfJ:?> 

^^K'^^WB^±t&(Of^^mx*^l.X, 400nm t?®igLfc^O^)t;^^^ ^ 
;l^t 520TmK^n^M%i^i.^B1^^^^ h/ViSraaSbfCo E C F P (CLONTECH) 

trP^K:400nm tJi^stt 6 W^a^o. 005 i J; 5 UT^^;^^:i^ h/\^^m^ 

ECFP<^*^iiX^^0.4 i LTKCy- 1> KCy~2<DMi^lSL^=kl^)it>fCo 
KO-1. KO-2-X?(i 548nin JClRlUlOtf— ^dS^febiX, SOOnm t *3 Jt <5 ® HX 
^5 0. 0025 i S J; 5 til^^S LT. 5"00nm -Cll)^ Ufc^ 
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h/vi 590nm \z.:^n h/V^Sfl^LfCo 

DsRed(CLONTECH) ^^m^ 500nm \Z.^\'y^niP' 0. 0025 t ^tfcSJ: 5 t \^X'^%7. 
h/V^SO^U DsRedO4^W<lr0.29 LTKO- 1 , KO-2©4i=-HX 



Kusabira-CyaniiECFP «7P>f'*:/^7) 0) Jt^ 

















KCy-1 


455nm 


488nm 


38700 (455nm) 


0^ 




223 


KCy-2 


455 nm 


488nm 


27700 (455nm) 


0.81 




227 


ECFP 


435nm 


478nm 


28750 (435nm) 


0.40 


DKa-5.5 


239 



Kusablra-Orange<!:DsRed {^Ul/J-^^) 0 Jt^ 

















KO-1 


548nm 


561nm 


75900 (548nm) 


0.44 


DKa<5.0 


217 


KO-2 


548nm 


561nm 


51 000 (548nni) 


0.50 


DKa<5.0 


221 


DsRed 


559nm 


583niii 


86100 (559nm) 


0.29 




226 



(9) N^ST^ yMgH^!J0BV^^CJ;S^^<DM 

±M^Wn^±m^^ (JM109-DE3) f^m^iirfCo 0. ImM IPTG TP^^gfl^^ 

Azami-Green {T-f ^ ^ (Galaxea fascicularis) it3\^gfiH) <0 N 

KO - 1 . KO- 2 X'\t^))—V(D^%i)lX^Xfi^h:^\^l^-y^tms'r^ii^. 

(10) pH ^^ttoai^ 

KCy-l^ KCy-2-Cli 400nm (0Pi^i|X;5i^ 0. ttiihiio \^T^<Dmm^ 
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•V^^U KO-1. KO- 2 T-(i500nm (7)M;65 0.0025 t fj: ^ X 0 i^TB(DM 

# pH (Dmmmtik(Dm ^ . 

pH4, 5 : g^^/'^y^T- 

pH6 : MESz-^iy^T — 

pH7 : MOPS yyy^ 

pH8 : HEPES/^iy^T — 

pH9, 10 : ^>:^/<5;77^ 

pHll : yi^^x^iy^r — 



Kusabira-Orange(KO) 5 / ^gife^M^Of^$!i 
Kusabira-Orange (KO) \%ir Vl^-J'WtW^X 561 nm^ Wi^^-X 548 nm) <r>1k% 

^fe (^3fe^:^508 nm, mW^^Xm nm) <^^^^^o^^#:^#^c (US), 

*fc. KO-i(^2 1 i#@0://i'iJ'^>'®?^r7^::^;cSife-r$;ii:fcj;»j, 

563 nm) 0^^^;6S:oiSM#:^#fc (|ll6)o 

■ 
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1. jJ^f-lfy-f V (Fungia sp.) S5tE(^TIS<0#'I4^^1-Sm)feg6Ko 

( 1 ) mmm:kMi)^ 4 5 5 n m-Cfc •? ^ ^^Ui^^^it 4 8 8 n mTffcS ; 

(2) 4 5 5nin{C*5tt^^/VPi^^^fc;6^ 3 8 7 0 0X{i2 7 7 0 0 T'fe-S ; 

(3) S^lRWO. 85XfiO. 81X*h^;RXJ^ 

( 4 ) m^#tt<^) p nm^m^ p H 5 ~ 9 -r^^^x^h -5 : 

2. :i^lMfy>fi^ (Fungia sp.) ^^(OTmomk^m-t^^ytm^Mo 

( 1 ) ib^^l:;^:i&;S;55 548 nmXh 53 s 561 nrnffe^ ; 

(2) 5 4 8 nrntC^SttS^/VM^iCd^ 7 5 9 0 OXtt 5 1 0 0 0 T*>5 ; 

(3) i^JRWO. 44X(:iO. 50T?feS;2lU^ 

(4) p H^gj4:65 p K a < 5 . OXh^ : 

3. OT<^ (a) (b) Km-r^%m^no 

( a ) iB^j#-t 1 xtt 2 i;ii2^©T ^ y mmm^^-r^m e k 

4. &.T<0 (a) Xtt (b) K^-T'^^mi^Wo 

( a ) mm-^ 3 X 4 (e:iB^<D T 5 y mmm ^^-r ^m&w 

5. iB^J#■^3^^:|a^oT$/i^^Ba^J^^:$3V^T6 4#g(^>i^;^X'i'>';65T7 
VNT2 1 v^;6ST7-i/^^:M^$tbTV^STiy^@a^|Jil^<g•1- 
6 . 1 b 5 (^iSJtl//5=' 1 JS{il|5i4(Z)® e 3 — D N Ao 
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7. Uy(0 (a) Xtt (b) H:^-fgeM>lr3-K1-<5DNAo 

( a ) sB?ij#-^ 1 xn 2 KBW.<oT ^ y mmm^mir^m&w 

8. UTO (a) X{i (b) (c^i-geKSr3-K1-5DNA„ 

( a ) mmm-^ 3xit4 icmwtc^r ^ y wmn^:^ir^m e k 

9. UTO (a) (b) t^^-TDNAo 

(a) iB^J#-§-5Xtt6lJ:|5«(^iaS@B^J<Sr;t1-<5DNA 

?IJ^^1-'5DNA 

10. (a) X{± (b) (Jl^fDNAo 

(a) mm^-^7xn8\z.mwt(om.mmm^^'t^DNA 

1 1. ff*56:i^b 1 0(^fsittd^i:S(c|B^ODNA>^^1-5jB.;z^i^;t^^ 
1 2 . If 6 f> 1 0 (D^^i!>^ 1 ^{c:|E4fe(^D N AX«if 1 1 (iilBi 
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■ 

1 6 . imm 1 3 d^t) 1 5 ofBTtLd* 1 m^uWi<om^m^w^mmx-^m 

fee 

17. W^«l:6*b5(7)V^-fi^;6^1]®^^:|BS(^m3^ilieK, lt^:S6;6^bl 
0<D{iirtb:d^ci:Stc|Eii<DDNA, 1 1 fclS^oE^^x.^iJ' ff^ 
:S 1 2 {;:|B^<^?^®^mi2|s. 1 3 1 5 <Z>iRlti.}6» 1 ^tciS^t^^M-a- 



30 



wo 03/054191 
1 
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KO-1 




300 350 400 450 500 550 600 650 700 



ECFP DsRed 




300 350 400 450 500 550 600 650 700 300 350 400 450 500 550 600 650 TOO 



nm nm 
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488nm 




10 20 30 40 50 60 70 80 

mm (hr) 



561 nm 




2-2 



10 20 aO 40 50 60 70 80 

mm (hr) 



SSInm/SOBnm 




10 20 30 40 SO 60 70 80 

BIFbI (hr) 
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SEQUENCE LISTING 
<110> RIKEN 

<120> Fluorescent proteins 
<130> A21741A 
<160> 21 



<210> 1 
<211> 223 
<212> PRT 
<213> Fungi a sp. 
<400> 1 

Met Ser Val He Lys Pro Glu Met Lys Met Lys Tyr Phe Met Asp Gly 

1 5 10 • 15 

Ser Val Asn Gly His Glu Phe Thr Val Glu Gly Glu Gly Thr Gly Lys 

20 25 30 

Pro Tyr Glu Gly Lys His Lys He Thr Leu Asp Val Thr Lys Gly Gly 

35 . 40 45 

Pro Leu Pro Phe Ala Phe Asp Leu Leu Ser Thr Val Phe Ser Tyr Gly 

50 55 . 60 

Asn Arg Cys Leu Thr Lys Tyr Pro Asp Asp He Pro Asp Tyr Phe Lys 
65 70 75 80 

Gin Cys Phe Pro Gly Gly Tyr Ser Trp Glu Arg Lys Phe Glu Phe Glu 

85 90 95 

Asp Gly Gly Leu Ala He Ala Lys Ala Glu He Ser Leu Lys Gly Asn 

100 105 110 

Cys Phe Glu His Lys Ser Thr He Glu Gly Thr Phe Pro Asp Ser Ser 
115 120 125 
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Pro He Ala Gin Asn Lys Thr Leu Gly Trp Glu Pro Ser Thr Glu Lys 

130 135 140 

Met Thr Val Arg Asp Gly Ser Met Lys Gly Asp Asp Ala Ala Tyr Leu 
145 150 155 160 

Lys Leu Val Gly Gly Gly Asn His Lys Cys Tyr Phe Thr Thr Thr Tyr 

165 170 175 

Thr Ala Lys Lys Lys He Pro Asn Leu Pro Gin Ser His Phe He Gly 

180 185 190 

His Arg He Ser Ser Val Val Asn Gly Thr Lys He Gly Val Met Glu 

195 200 205 

Asp Ala He Ala His Leu Tyr Pro Phe Asn Gly Val Pro Cys Gin 
210 215 220 



<210> 2 
<211> 227 
<212> PRT 
<213> Fungia sp. 
<400> 2 

Met Ala Leu Ser .Asn Lys Phe He Gly Asp Asp Met Lys Met Lys Tyr 

1 . 5 10 15 

Phe Met Asp Gly Ser Val Asn Gly His Glu Phe Thr Val Glu Gly Glu 

20 25 30 

Gly Thr Gly Lys Pro Tyr Glu Gly Lys His Lys He Thr Leu Asp Val 

35 40 45 

Thr Lys Gly Gly Pro Leu Pro Phe Ala Phe Asp Leu Leu Ser Thr Val 

50 55 60 

Phe Ser Tyr Gly Asn Arg Cys Leu Thr Lys Tyr Pro Asp Asp He Pro 

2/18 



wo 03/054191 PCT/JP02/13363 

65 70 75 80 

Asp Tyr Phe Lys Gin Cys Phe Pro Gly Gly Tyr Ser Trp Glu Arg Lys 

85 90 95 

Phe Glu Phe Glu Asp Gly Gly Leu Ala He Ala Lys Ala Glu He Ser 

100 105 • 110 

Leu Lys Gly Asn Cys Phe Glu His Lys Ser Thr He Glu Gly Thr Phe 

115 120 125 

Pro Asp Ser Ser Pro He Ala Gin Asn Lys Thr Leu Gly Trp Glu Pro 

130 135 140 

Ser Thr Glu Lys Met Thr Val Arg Asp Gly Ser Met Lys Gly Asp Asp 
145 150 155 160 

Ala Ala Tyr Leu Lys Leu Val Gly Gly Gly Asn His Lys Cys Tyr Phe 

165 170 175 

Thr Thr Thr Tyr Thr Ala Lys Lys Lys He Pro Asn Leu Pro Gin Ser 

180 185 190 

His Phe He Gly His Arg He Ser Ser Val Val Asn Gly Thr Lys He 

195 . 200 205 

Gly Val Met Glu Asp Ala He Ala His Leu Tyr Pro Phe Asn Gly Val 

210 215 220 

Pro Cys Gin 
225 



<210> 3 
<211> 217 
<212> PRT 
<213> Fungia sp. 
<400> 3 
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■ 

Met Ser Val He Lys Pro Glu Met Lys Met Lys Tyr Phe Met Asp Gly 
15 10 15 

Ser Val Asn Gly His Glu Phe Thr Val Glu Gly Glu Gly Thr Gly Lys 

20 25 30 

Pro Tyr Glu Gly His Gin Glu Met Thr Leu Arg Val Thr Met Ala Lys 

35 40 45 

Gly Gly Pro Met Pro Phe Ser Phe Asp Leu Val Ser His Thr Phe Cys 

50 55 60 

Tyr Gly His Arg Pro Phe Thr Lys Tyr Pro Glu Glu He Pro Asp Tyr 
65 70 75 80 

Phe Lys Gin Ala Phe Pro Glu Gly Leu Ser Trp Glu Arg Ser Leu Gin 

85 90 95 

Phe Glu Asp Gly Gly Phe Ala Ala Val Ser Ala His He Ser Leu Arg 

100 105 110 

Gly Ash Cys Phe Glu His Lys Ser Lys Phe Val Gly Val Asn Phe Pro 

115 120 125 

Ala Asp Gly Pro Val Met Gin Asn Gin Ser Ser Asp Trp Glu Pro Ser 

130 135 140 

Thr Glu Lys He Thr Thr Cys Asp Gly Val Leu Lys Gly Asp Val Thr 
145 150 155 160 

Met Phe Leu Lys Leu Ala Gly Gly Gly Asn His Lys Cys Gin Phe Lys 

165 170 175 

Thr Thr Tyr Lys Ala Ala Lys Lys He Leu Lys Met Pro Gin Ser His 

180 185 190 

Phe He Gly His Arg Leu Val Arg Lys Thr Glu Gly Asn He Thr Glu 

195 200 205 

Leu Val Glu Asp Ala Val Ala His Cys 
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210 215 
<210> 4 

■ 

<211> 221 
<212> PRT 
<213> Fungia sp. 
<400> 4 

Met Ala Leu Ser Asn Lys Phe He Gly Asp Asp Met Lys Met Lys Tyr 

15 10 15 

Phe Met Asp Gly Ser Val Asn Gly His Glu Phe Thr Val Glu Gly Glu 

20 25 30 

Gly Thr Gly Lys Pro Tyr Glu Gly His Gin Glu Met Thr Leu Arg Val 

35 40 45 

Thr Met Ala Lys Gly Gly Pro Met Pro Phe Ser Phe Asp Leu Val Ser 

50 55 60 

His Thr Phe Cys Tyr Gly His Arg Pro Phe Thr Lys Tyr Pro Glu Glu 
65 70 75 80 

He Pro Asp Tyr Phe Lys Gin Ala Phe Pro Glu Gly Leu Ser Trp Glu 

85 90 95 

Arg Ser Leu Gin Phe Glu Asp Gly Gly Phe Ala Ala Val Ser Ala His 

100 105 110 

He Ser Leu Arg Gly Asn Cys Phe Glu His Lys Ser Lys Phe Val Gly 

115 120 125 

Val Asn Phe Pro Ala Asp Gly Pro Val Met Gin Asn Gin Ser Ser Asp 

130 135 140 

Trp Glu Pro Ser Thr Glu Lys He Thr Thr Cys Asp Gly Val Leu Lys 
145 150 155 160 
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Gly Asp Val Thr Met Phe Leu Lys Leu Ala Gly Gly Gly Asn His Lys 

165 170 175 

Cys Gin Phe Lys Thr Thr Tyr Lys Ala Ala Lys Lys lie Leu Lys Met 

180 185 190 

Pro Gin Ser His Phe He Gly His Arg Leu Val Arg Lys Thr Glu Gly 

195 200 205 

Asn He Thr Glu Leu Val Glu Asp Ala Val Ala His Cys 
210 215 220 



<210> 5 
<211> 672 
<212> DNA 
<213> Fungia sp. 
<220> 
<221> CDS 
<222> (1) . . (669) 
<400> 5 

atg agt gtg att aaa cca gag atg aag atg aag tac ttc atg gac gga 48 
Met Ser Val He Lys Pro Glu Met Lys Met Lys Tyr Phe Met Asp Gly 

15 10 15 

tec gtc aat ggg cat gag ttc aca gtt gaa ggt gaa ggc aca ggc aaa 96 
Ser Val Asn Gly His Glu Phe Thr Val Glu Gly Glu Gly Thr Gly Lys 

20 25 30 

cct tac gag gga aag cac £iaa ata aca ctt gac gtc acc aag ggt ggg 144 
Pro Tyr Glu Gly Lys His Lys He Thr Leu Asp Val Thr Lys Gly Gly 

■ 

35 40 45 

cca ctg cct ttt gcg ttt gac ttg ttg tct aca gtg ttc tct tat ggc 192 
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Pro Leu Pro Phe Ala Phe Asp Leu Leu Ser Thr Val Phe Ser Tyr Gly 

50 55 60 

aac aga tgc ctt act aaa tat cct gac gat ate ccc gac tat ttc aaa 240 
Asn Arg Cys Leu Thr Lys Tyr Pro Asp Asp He Pro Asp Tyr Phe Lys 
65 70 75 80 

ft 

caa tgc ttt cct gga ggc tat tea tgg gaa aga aag ttt gag ttc gaa 288 

Gin Cys Phe Pro Gly Gly Tyr Ser Trp Glu Arg Lys Phe Glu Phe Glu 

85 90 95 

gat ggc ggg ttg get ata gcc aaa gcg gaa' ata age ctt aaa gga aac 336 
Asp Gly Gly Leu Ala He Ala Lys Ala Glu He Ser Leu Lys Gly Asn 

100 105 110 

tgc ttc gaa cac aaa tec acc att gaa ggc act ttt ccc gat age agt 384 
Cys Phe Glu His Lys Ser Thr He Glu Gly Thr Phe Pro Asp Ser Ser 

115 120 125 

cct att gcg caa aac aag acg eta gga tgg gaa cca tee acc gag aag 432 
Pro He Ala Gin Asn Lys Thr Leu Gly Trp Glu Pro Ser Thr Glu Lys 

130 135 140 

atg acc gtc cgc gac gga tea atg aag ggt gat gat gcg gcc tac etc 480 
Met Thr Val Arg Asp Gly Ser Met Lys Gly Asp Asp Ala Ala Tyr Leu 
145 150 155 160 

aaa ttg gtg gga ggc ggc aat cac aaa tgc tac ttt aca act acc tac 528 
Lys Leu Val Gly Gly Gly Asn His Lys Cys Tyr Phe Thr Thr Thr Tyr 

165 170 175 

aca gcg aag aaa aag att cct aac ctg cca caa age cat ttc att ggg 576 
Thr Ala Lys Lys Lys He Pro Asn Leu Pro Gin Ser His Phe He Gly 

180 185 190 

cat cgc ate tec agt gtc gtc aat ggc act aaa att gga gtg atg gaa 624 
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His Arg He Ser Ser Val Val Asn Gly Thr Lys He Gly Val Met Glu 

195 200 205 

gat gca att get cat ctt tac cct ttt aat ggc gtg cca tgc cag tga 672 

Asp Ala He Ala His Leu Tyr Pro Phe Asn Gly Val Pro Cys Gin 

210 215 220 

<210> 6 
<211> 684 
<212> DNA 
<213> Fungia sp. 
<220> 
<221> CDS 
<222> (1) . . (681) 
<400> 6 

atg gcc ctg age aac aag ttc ate ggg gae. gae atg aag atg aag tac 48 
Met Ala Leu Ser Asn Lys Phe He Gly Asp Asp Met Lys Met Lys Tyr 

15 10 15 

ttc atg gae gga tec gtc aat ggg eat gag ttc aca gtt gaa ggt gaa 96 

■ 

Phe Met Asp Gly Ser Val Asn Gly His Glu Phe Thr Val Glu Gly Glu 

20 25 30 

ggc aca ggc aaa cct tac gag gga aag cac aaa ata aca ctt gae gtc 144 

Gly Thr Gly Lys Pro Tyr Glu Gly Lys His Lys He Thr Leu Asp Val 

35 40 45 

acc aag ggt ggg cca ctg cct ttt gcg ttt gae ttg ttg tct aca gtg 192 

Thr Lys Gly Gly Pro Leu Pro Phe Ala Phe Asp Leu Leu Ser Thr Val 

■ 

50 55 60 

ttc tct tat ggc aae aga tgc ctt act aaa tat cet gae gat ate ecc 240 
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Phe Ser Tyr Gly Asn Arg Cys Leu Thr Lys Tyr Pro Asp Asp He Pro 
65 70 75 80 

gac tat ttc aaa caa tgc ttt cct gga ggc tat tea tgg gaa aga aag 288 

Asp Tyr Phe Lys Gin Cys Phe Pro Gly Gly Tyr Ser Trp Glu Arg Lys 

85 90 95 

ttt gag ttc gaa gat ggc ggg ttg get ata gcc aaa gcg gaa ata age 336 

Phe Glu Phe Glu Asp Gly Gly Leu Ala He Ala Lys Ala Glu He Ser 

100 105 110 

ett aaa gga aae tgc ttc gaa cac aaa tec ace att gaa ggc act ttt 384 

Leu Lys Gly Asn Cys Phe Glu His Lys Ser Thr He Glu Gly Thr Phe 

115 120 125 

cec gat age agt cct att gcg caa aae aag aeg eta gga tgg gaa eca 432 

Pro Asp Ser Ser Pro He Ala Gin Asn Lys Thr Leu Gly Trp Glu Pro 

130 135 140 

tec acc gag aag atg ace gtc cgc gac gga tea atg aag ggt gat gat 480 

Ser Thr Glu Lys Met Thr Val Arg Asp Gly Ser Met Lys Gly Asp Asp 
145 150 155 . 160 

gcg gcc tac etc aaa ttg gtg gga ggc ggc aat cac aaa tgc tac ttt 528 

Ala Ala Tyr Leu Lys Leu Val Gly Gly Gly Asn His Lys Cys Tyr Phe 

165 170 175 

aca act acc tac aca gcg aag aaa aag att cct aae etg eca caa age 576 
Thr Thr Thr Tyr Thr Ala Lys Lys Lys He Pro Asn Leu Pro Gin Ser 

180 185 190 

cat ttc att ggg cat cgc ate tec agt gtc gtc aat ggc act aaz att 624 
His Phe He Gly His Arg He Ser Ser Val Val Asn Gly Thr Lys He 

195 200 205 

gga gtg atg gaa gat gca att get cat ctt tac cct ttt aat ggc gtg 672 
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Gly Val Met Glu Asp 
210 

cca tgc cag tga 
Pro Cys Gin 
225 

<210> 7 
<211> 654 
<212> DNA 
<213> Fungi a sp. 
<220> 
<221> CDS 
<222> (1) . . (651) 
<400> 7 

atg agt gtg att 
Met Ser Val He 
1 

tec gtc aat ggg 
Ser Val Asn Gly 

20 

cct tac gag gga 
Pro Tyr Glu Gly 

35 

ggc ggg cca atg 

Gly Gly Pro Met 
50 

tac ggc cac aga 



aaa 
Lys 
5 

cat 
His 

cat 
His 

cct 
Pro 

cct 



Ala He Ala His Leu Tyr Pro Phe Asn Gly Val 



215 



220 



684 



cca gag atg aag atg aag tac ttc atg gac gga 48 
Pro Glu Met Lys Met Lys Tyr Phe Met Asp Gly 

10 15 
gag ttc aca gtt gaa ggt gaa ggc aca ggc aaa 96 
Glu Phe Thr Val Glu Gly Glu Gly Thr Gly Lys 

25 30 
caa gag atg aca eta cgc gtc aca atg gee aag 144 
Gin Glu Met Thr Leu Arg Val Thr Met Ala Lys 

40 45 
ttc teg ttt gac tta gtg tea cac acg ttc tgt 192 
Phe Ser Phe Asp Leu Val Ser His Thr Phe Cys 

55 60 
ttt act aaa tat cca gaa gag ata cca gac tat 240 
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Tyr Gly His Arg Pro Phe Thr Lys Tyr Pro Glu Glu He Pro Asp Tyr 
65 70 75 80 

ttc aaa caa gca ttt cct gaa ggc ctg tea tgg gaa agg teg ttg eag 288 
Phe Lys Gin Ala Phe Pro Glu Gly Leu Ser Trp Glu Arg Ser Leu Gin 

85 90 95 

ttc gaa gat ggt ggg ttt get gea gtc agt geg eat ata age ctt aga 336 
Phe Glu Asp Gly Gly Phe Ala Ala Val Ser Ala His He Ser Leu Arg 

100 105 110 

gga aac tge ttc gag eac aaa tee aaa ttt gtt ggg gtt aac ttt cct. 384 
Gly Asn Cys Phe Glu His Lys Ser Lys Phe Val Gly Val Asn Phe Pro 

115 120 125 

gee gat ggt cct gtg. atg caa aac caa agt tct gat tgg gag cca tea 432 
Ala Asp Gly Pro Val Met Gin Asn Gin Ser Ser Asp Trp Glu Pro Ser 

130 135 140 

acc gag aaa att act acc tgc gac gga gtt ctg aag ggt gat gtt acg 480 
Thr Glu Lys He Thr Thr Cys Asp Gly Val Leu Lys Gly Asp Val Thr 
145 150 155 160 

atg ttc eta aag ctt gcg gga ggc ggc aat eac aaa tgc caa ttc aag 528 
Met Phe Leu Lys Leu Ala Gly Gly Gly Asn His Lys Cys Gin Phe Lys 

165 170 175 

act act tac aag gcg gca aaa aag att ctt aaa atg cca caa age cat 576 
Thr Thr Tyr Lys Ala Ala Lys Lys He Leu Lys Met Pro Gin Ser His 

180 185 190 

ttc ate ggg cat cgc etc gtc agg aaa ace gaa ggc aac att act gag 624 
Phe He Gly His Arg Leu Val Arg Lys Thr Glu Gly Asn He Thr Glu 

195 200 205 

ctg gta gaa gat gca gta get cat tgc tga 654 
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Leu Val Glu Asp Ala Val Ala His Cys 
210 215 

<210> 8 
<211> 666 
<212> DNA 
<213> Fungia sp. 
<220> 
<221> CDS 
<222> (1) . . (663) 
<400> 8 
atg gcc ctg 
Met Ala Leu 

1 . . 
ttc atg gac 
Phe Met Asp 

ggc aca ggc 
Gly Thr Gly 
35 

aca atg gcc 
Thr Met Ala 
50 

cac acg ttc 
His Thr Phe 
65 

ata cca gac 
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ago aac aag ttc ate ggg gac gac atg aag atg aag tac 48 

Ser Asn Lys Phe He Gly Asp Asp Met Lys Met Lys Tyr 

5 10 15 

gga tec gtc aat ggg cat gag ttc aca gtt gaa ggt gaa 96 
Gly Ser Val Asn Gly His Glu Phe Thr Val Glu Gly Glu 

20 25 30 

aaa cct tac gag gga cat caa gag atg aca eta cgc gtc 144 
Lys Pro Tyr Glu Gly His Gin Glu Met Thr Leu Arg Val 

40 45 
aag ggc ggg cca atg cct ttc teg ttt gac tta gtg tea 192 
Lys Gly Gly Pro Met Pro Phe Ser Phe Asp Leu Val Ser 

55 60 
tgt tac ggc cac aga cct ttt act aaa tat cca gaa gag 240 
Cys Tyr Gly His Arg Pro Phe Thr Lys Tyr Pro Glu Glu 
70 75 80 

tat ttc aaa caa gca ttt cct gaa ggc ctg tea tgg gaa 288 
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He Pro Asp Tyr Phe Lys Gin Ala Phe Pro Glu Gly Leu Ser Trp Glu 

85 90 95 

agg teg ttg cag ttc gaa gat ggt ggg ttt get gca gtc agt gcg cat 336 
Arg Ser Leu Gin Phe Glu Asp Gly Gly Phe Ala Ala Val Ser Ala His 

100 105 no 

ata age ctt aga gga aac tgc ttc gag cae aaa tec aaa ttt gtt ggg 384 
He Ser Leu Arg Gly Asn Cys Phe Glu His Lys Ser Lys Phe Val Gly 

115 120 125 

gtt aac ttt cct gee gat ggt cot gtg atg caa aac caa agt tct gat 432 
Val Asn Phe Pro Ala Asp Gly Pro Val Met Gin Asn Gin Ser Ser Asp 

130 135 140 

tgg gag cca tea acc gag aaa att act ace tgc gac gga gtt ctg aag° 480 
Trp Glu Pro Ser Thr Glu Lys He Thr Thr Cys Asp Gly Val Leu Lys 
145 150 155 160 

ggt gat gtt acg atg ttc eta aag ctt gcg gga ggc ggc aat cae aaa 528 
Gly Asp Val Thr Met Phe Leu Lys Leu Ala Gly Gly Gly Asn His Lys 

165 170 175 

tgc caa ttc aag act act tac aag gcg gca aaa aag att ctt aaa atg 576 
Cys Gin Phe Lys Thr Thr Tyr Lys Ala Ala Lys Lys He Leu Lys Met 

' 180 185 190 

> 

cca caa age cat ttc ate ggg cat cgc etc gtc agg aaa ace gaa ggc 624 
Pro Gin Ser His Phe He Gly His Arg Leu Val Arg Lys Thr Glu Gly 

195 200 205 

aac att act gag ctg gta gaa gat gca gta get cat tgc tga 666 
Asn He Thr Glu Leu Val Glu Asp Ala Val Ala His Cys 
210 215 220 
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<210> 9 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 9 

gaaggrtgyg tcaayggrca y 21 

<210> 10 
<211> 23 
<212> DNA 

* 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400>°10 

acvggdccat ydgvaagaaa rtt 23 

<210> 11 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 11 

ggccacgcgt cgactagtac gggiigggii gggiig 36 
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<210> 12 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 12 

ggcttatatg cgcactgact gc 22 

<210> 13 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 13 

ggccacgcgt cgactagtac 20 

<210> 14 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 14 

tatctcttca ggatatttag t 21 
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<210> 15 

<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 15 

ggccacgcgt cgactagtac gggiigggii gggiig 36 

<210> 16 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 16 

gggaaaagtg ccttcaatgg 20 

* 

<210> 17 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 17 

ggccacgcgt cgactagtac 20 
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<210> 18 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 18 

tcttcgaact caaactttct 20 

<210> 19 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 19 

gcagtcagtg cgcatataag cc 22 

<210> 20 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 20 

ccattgaagg cacttttccc 20 
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<210> 21 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 21 

cgggatccat gaagatgaag tactttatgg atgg 34 
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